Purpose. Fractures are the main flow channels in fractured reservoirs. The rapid flow characteristics of gas are outstanding in fractures. It is a major technical problem in the current oilfield development to calculate and accurately describe the fluid flow of this type of reservoir.
INTRODUCTION
The world's fractured reservoir resources account for more than half of the total resources. It is also widely distributed in China (Li, 2013) . However, due to the large difference between the fluid flow and the matrix in the fracture, the numerical simulation of the reservoir is inadequate (Yang et al., 2017) . As of today, there are no efficient simulation method. After gas injection, the simulation is more difficult. Traditional gas injection numerical simulation methods are no longer applicable. Therefore, the development of gas injection in this type of reservoir lacks theoretical basis and technical support. Therefore, it is necessary to study the numerical simulation method of gas injection in this type of reservoir (Li & Jia, 1994) .
The scale of the fracture medium in the fractured reservoir varies greatly. There are large-scale fractures, mesoscale fractures, small-scale fractures, and microfractures. The fluid flow capacity varies greatly in different media. Mathematical descriptions and numerical solutions are difficult (Yuan & Song, 2004) . The high fluidity of the gas phase makes the numerical simula-tion of the gas injection more astringent and slow. For the numerical simulation of this type of reservoir, the current numerical simulation model is mainly a dual medium model and a discrete fracture network model. The dual medium model was proposed as early as the 1960s (Warren & Root, 1963) . The model is now mature and is guiding the development of this type of reservoir. However, it has a large error in the fluid flow in large fractures, thus it is impossible to describe the fluid flow in large fractures. The discrete fracture network model was proposed in 2001 by M. Karimi-Fard and A. Firoozabadi (Kazemi, Merrill, Porterfield, & Zeman, 1976; Karimi-Fard & Firoozabadi, 2001; Berkowitz, 2002; Karimi-Fard & Firoozabadi, 2003) . It has good pseudo-performance and can describe the flow of fluid in large fractures. The Discrete Fracture Network (DFN) model has been highly recognized by experts and scholars at home and abroad (Zhang, Jia, Zhang, & Guo, 2017) . Therefore, gas injection numerical simulation method in fractured reservoirs is proposed based on discrete fracture network model.
PHASE BALANCE CALCULATION METHOD
Gas injection development in the reservoir will affect the phase balance of the reservoir. Phase equilibrium calculation is the basis for numerical simulation of gas injection. The traditional phase equilibrium calculation methods mainly include the equilibrium constant method and the flash calculation method based on the Rachford-Rice equation (Wen & Guanren, 1992; Jigen & Yufeng, 1996) . The equilibrium constant method does not take into account the effects of different compositions of crude oil. The flash calculation method is mainly used for phase equilibrium calculation of gasliquid two-phase system (Yingsheng, Fang, & Xingang, 1990; Pedersen, 1995) .
A phase equilibrium calculation method based on Gibbs free energy is proposed for this purpose. The specific method comprises the Gibbs free energy expression, the phase fractional constraint equation and the mass conservation equation of the multiphase multicomponent system (Haiyan & Shilun, 2000) . Then the objective function is determined. The Newton iterative method is used to solve the composition of each phase in the Gibbs free energy minimum.
1. Calculation equation.
When the Gibbs free energy is minimal, the system reaches phase equilibrium:
2. Constraint equation.
The phase scores of each phase are: 1 , 1,..., ;
( 3 )
The mass fraction of each component is calculated using the law of mass conservation:
3. Solution method.
Using the Lagrange function G * , this calculation is transformed into a problem of solving G * minimization:
Normalization of the equation:
Finally, the phase equilibrium constant is solved by Newton iteration. Then the content of each component is calculated.
DISCRETE FRACTURE NETWORK MODEL
The variation in fracture size is large in fractured reservoirs. Small and medium-scale fractures and microfractures are equivalent to the matrix (Yao, Wang, Zhang, & Huang, 2010; Yun, Xiang-Chun, Jun, Zhi-Jiang, & Shu-Yue, 2010 ). Large fractures are described separately by discrete fractures. That is to say, the DFN model is adopted. The model explicitly treats the fracture. According to the distribution of fracture development described in the geological aspect, the model is given as far as practical considerations in numerical simulation (Fig. 1) .
Figure 1. DFN model decomposition
where: FEQ -the flow equation of bedrock and fracture media; Ω -the entire integral area, which contains the area of the bedrock and fractures;
Ω m -the matrix portion; Ω f -the fracture in the entire integration area.
GAS INJECTION NUMERICAL SIMULATION OF MATHEMATICAL MODEL AND NUMERICAL MODEL

Mathematical model
Fractured reservoirs are considered to be isothermal and in thermodynamic equilibrium (Hao, Yanchun, Yingchun, & Yue-Jie, 2014) . They also contain threephase fluids comprised of oil, water and gas. The fluid of each phase flows under the impact of pressure, gravity and capillary forces.
1. Mass conservation equation. According to the gas injection non-mixing conditions, the injected gas is considered to be juxtaposed with oil, gas and water, without mass transfer between the phases.
Matrix Fracture
The mass conservation equations of oil, water, gas and injected gas in fractures and matrix are established:
Multiphase flow equation of motion.
Combining the physical experiments of oil, water, gas and injected gas flow in different media, the multi-phase fluid flow equation has been established.
The equations of fluid motion in the matrix and small-and medium-scale fractures are as follows:
Equation of fluid motion in large fractures:
Equation of state. Fluid compression factor:
( 1 3 ) Rock compression factor:
Auxiliary equation:
1
( 1 5 )
Numerical model and solution method
Mass conservation equation using finite volume method for spatial dispersion, and the backward firstorder difference is used for time dispersion (Arbogast & Brunson, 2007; Yuan, Peng, Wu, & Kang, 2013) . The equation for the mass conservation equation of oil and water discretized at element i or node i is as follows:
where: M -the mass of the phase; n -the amount of the previous moment; n + 1 -the amount of the current moment; V i -the volume of the unit i; t -the time step; i -a set consisting of all the unit j connected to the same element i; F β,ij -the mass flow term between the unit i and the element j;
Qβ i -the source/sink of the phase in the unit i. The rate item k rβ adopts the upwind scheme. The discrete equation is expressed as a residual form. The adaptive implicit method is used for the simulation calculation. For grids with less saturation and pressure changes, the implicit solution pressure display saturation (IMPES) algorithm is used for calculation. The oil phase pressure P o is selected as the main variable, and the residual of the oil component is as shown in the following formula:
The iterative formula of the Newton-Raphson method:
, 1 , 1 , 1 , ,
For the grid with less saturation and pressure change, after the oil phase pressure is solved for each time step, the corresponding oil saturation and gas saturation are calculated according to the following formula. If the saturation change within the step exceeds the limit of adaptive implicit permission, the grid is switched to implicit, otherwise it continues to be calculated according to IMPES:
Finally, an iterative method is used to solve the problem.
METHOD VERIFICATION
A fractured reservoir model is set. The fracture opening is 1 cm. The initial temperature is 120°C. The fracture porosity is 0.01, permeability 1 d; matrix porosity 0.2. The penetration rate is 20 md. The model is set to inject gas at the left end and oil at the right end. For ease of verification, it is equivalent to the discrete fracture network model of Figure 2 . The model is a vertical sectional view. 
Figure 3. DFN model gas injection numerical simulation recovery curve
It can be seen from the Figure 3 that the numerical simulation results of the recovery curve are consistent with the theoretical calculation results. The correctness of the method was verified.
CONCLUSIONS
Based on the discrete fracture network model, the mathematical model, numerical model and solution method for numerical simulation of gas injection in fractured reservoirs are formed. The correctness of the method is verified by a simplified discrete fracture network model.
ВИВЧЕННЯ МЕТОДИКИ ЧИСЕЛЬНОГО МОДЕЛЮВАННЯ ВПОРСКУВАННЯ ГАЗУ У ТРІЩИНУВАТІ КОЛЕКТОРИ
З. Юнь, С. Цзяньфан, Л. Чжуньчунь Мета. Розробка нової методики чисельного моделювання впорскування газу у тріщинуваті колектори на основі моделі дискретної мережі тріщин.
Методика. Для досягнення поставленої мети виконано критичний аналіз відомих методів моделювання, що довів відсутність на сьогоднішній день ефективних методів. Для дослідження проблемних питань у статті застосовано метод розрахунку фазової рівноваги на основі вільної енергії Гіббса як основи для чисельного моде-
